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A BIOLOCICI\L l\ND CHEMICAL STUDY OF 
THE TIDAL JAMES RIVER 
by 
Morris L. Brehmer and 
Samuel 0. Haltiwanger 
Virginia Institute of Marine Science 
Gloucester Point, Virginia 
_J 
This pc1per constitutes a final contract report from the Virginia 
Institute of Mc1rine Science to the Federal Water Pollution Control 
Administration on work performed under contract PH BG-65-86. The 
data contained herein are considered final but complete analyses 
cannot be made until corollary studies are cornpleted. 
15 November 1966 
Gloucester Point, Virginia 
SUMMARY AND RECOMMENDATIONS 
I 
The tidal James River is truly a multi-purpose natural resource. 
Its aesthetic value is of immeasurable importance to the millions of 
tourists who stand on the shores of Jamestown Island orl Carter 
I s Grove,
I • Brandon, Shirley, Westover, Berkeley, or Sherwood Forest plantation each
I 
I 
year and gaze out over this historic body of water. The estuarine portion 
is a major oyster producing area.in Chesapeake Bay. Iri 1966 over 500,000 
I bushels of shucking oysters were harvested and over 600,000 bushels of 
seed oysters were caught for replanting in other rivers/. This harvest 
represents Only a fraction of past and potential levels/ because the br�eding 
I populations in the lower estuary have been destroyed by· the protozoan 
Minchinia nelsoni, which is often referred to as MSX. 
The tidal James also supports significant sport antl commercial 
fin-fisheries. Striped bass, spot, flounde;, croaker, �rout, shad, and 
herring are ta�en in haul seines and gill nets and catflsh and car� 
are taken in fyke nets and traps. All these species plhs others of 
little commercial value are harvested by sport fishermeh. 
The lower James is heavily utilized for recreationkl boating and 
water contact sports but this use is restricted in the Lppcr tid�l area 
because of pollution. 





the City of .Hopewell withdraws water from the mouth of �he Appomattox 
! 
River, which exchanges with James River wc1ter during each tidal cycle,
-2-
for its domestic and industrial water supply system. This supply has 
I 
been plagued by taste and odor problems and threatened by salt water 
intrusion. 
James Rivel' water is utilized to a limited extent for agricultural 
irrigation. This use will undoubtedly increase in the future. 
'rhe James is an important waterway for conunerce and military 
activib.es. 'rhe Hampton Roads area is a major port with shipping and 
shipbuilding facilities located at Newport News, Norfolk, and Portsmouth. 
Ocean-going ships utilize the waterway to Deepwater Terminal near 
Richmond. Norfolk is also the site of the largest U.S. Navy complex 
in the world. 
The James River is used for domestic and industrial waste disposal. 
This is an intended use but in the freshwater reach of the tidal James 
the a.ssimilation capacity is exceeded and the other potential uses are 
curtailed. In the estuarine portion hundreds of acres of oyster beds 
are condemned for direct harvesting. This industry cannot exist in 
clo_se proximity to concentrations of human activities, and even if all 
outfalls were removed, most areas would remain conderrmed. The other 
intended uses of Hampton Roads are not curtailed. 
From the pollution standpoint, the critical area in the James River 
extends from Richmond to Brandon Point, a distance of 48 nautical miles. 
The phytoplankton standing crop, as indicated by chlorophyll levels, 
frequently exdeeds 50 pgl-1, the value proposed as the upper limit for 
aesthetically \desirable water. Values exceeding 100 )1gl -l were recorded 
r' 
-3-
on one cruise. An algal scum was frequently observed during the late 




oxygen values of less than 1 rng1-l were measured at Station
J-76nec1r Kinqsland Creek and oxygen sag zones were found beiow Richmond
and Hopewell. /Three fish-kills were 1�ecorded during the study period and
channel trawl samplings by the Ichthyology Department indicated that
very few fish were able to survive in the degraded environment. Benthic
sample� indicated that invertebrate forms were very scarce between J-57
and Richmond with only the most tolerant species represented. In some
areas the bottom was completely devoid of animal life which suggests the
occasional presence of toxic materials.
The phosphorus and nitrogen data indicate that the 48-mile critical 
area is highly. enriched. Nitrate-nitrogen values as high as 231 pg-at 1-l 
and soluble reactive phosphorus values as high as 12.60 yg-at 1-l were 
recorded dur:ing the study. The nutrient elements could not be followed 
through the estuarine portion and the phytoplankton population in the 
lower area did not reflect 
1
that the high level of enrichment existed 
upstream. 
In order to return the upper tidal region of the James to the 
status of a multi-purpose natural resource, organic loading must be 
reduced to a level where the river can assimilate the wastes without 
the development of sub-minimal dissolved oxygen conditions. 'rhe proposed 
hydraulic model studies will yield data which will permit a more accurate 
prediction. of the BOD capacity of the river at different fresh-water 
discharge rates. 
GENERl\L HYDROGRAPHY 
The James River is the most southerly m�jor tributary stream of 
the Chesapeake Bay System. It is approximately 400 miles in length 
d l d · h' . o 
 
an 1as a rainage area w ich exceeds 10,00 square mil�s. Its course 
cuts through the Coastal Plc:lin, Piedmont, Blue Ridg·e, ahct Ridge and 
 
Valley physiographic provinces. The mean freshwater discharge is 
I 
approximately 7,500 c.f.s. but extremes of 329 to 325,000 c.f.s. have 
been recorded (Virginia, 1960). 
The James River is tidal from its mouth at Hampton: Roads to Richmond,· 
a distance of approximately 95 miles (Fig. 1). The mean tidal range 
is O. 79 m at the mouth and Oi98 m at Richmond. 'l'he tidal current 
velocities range between 0.8 and 1.5 knots with the surface ebb 
velocities in the estuarine portion usually slightly higher than the 
surface flood velocities. The opposite is true for the velocities of 
the deeper waters. This factor, in combination with the duration of 
the current direction, results in a net downstream fl.ow in the upper 
layer and a net upstream flow in the lower layer. Pritchard (1952) 
observed a mean velocity in the upper layer of o'. 09 m sec-I" and a mean 
lower layer velocity of -0.06 m sec-1. This two-layered system serves 
to transport the more dense salt water upstream in the lower layer while 
mixing through the theoretical zone of no net motion contributes 
dissolved salts to the upper layer. , ,
The average zone of salt-water intrusion extends from the mouth 




--:-; a.;. I!.,.,,. 
··,
0::r;;·-·· 
�1 =i I'"·· .. 
�l__,_ ' • ; ·, -\."',;'"� ,!J!'- .. , ·····--�--·;;Jrf'.Y!�, . ·-. ···0� 
" 
'.�� ' � + •• __ .;,;·, ·, ' 
··-- ·., ' 76·'·-7{ 
fY'7ll " 
'·'1- ! /)) .
. ,\ .•• 
� -�,_,,-v,-:-��/� �� 
�·\-- ·,., 
-· "·,·· ,'s'GJ?,, 
/ ' ·. \,-, '• 
·,==\;.� . C 8 
.. >,X -.._ '-.',.. •-· 
• • 
·�'-o -.•. , ,,, - , ,. _  • 
. ·· -· ;J 
'-.._, � '-5 ( /•.. 
, 'J> � 
- •. 
- - . .- ---; '"""' 
•••·-,, -� • I.}/ --�-:;· •':::� \ 
\ /-��-' 
Y,U.••·•�-c S." 
-- - ...r '• . 
-�, . � ,C � )71 •. ·,, 
. --· 1-',',-S:::: .. ,t ... , · v .. . '· i t_,/ 1·-.. ·;J-47 ..... :;-,, � -� �- '-, 
p'; '··. ·-, • • ., � ,, <> <J _,I -- \,._ 
t... • ;' . ,;·"-----;--,:_ . 
\S , · i! ::::--,,
�
� 
�-<� ·J-c\ \ .... , 
r . .. 0 ···- ,1::3.$· ,,_�. ." ,,...,,. ·,. 
\ 
/t -:; . • , = --:1�-7 ::. , f_,, ; ' ·,
, ·L 
� 
. ' .PP ·- -- • L »,J 
,,.,.,.-;,.f.-� 




/,;}; f r-\l_ i ••• �.: J.�,!�, - •-:?�S.�: . 
' -\. .. � 4:' } I �1 �' . ..,_ I 1 · .1 ).,_"Yi"'f'll.T/:'.· �,..��-;--� {�  
'( " � \ l ...... 
,.; ).t:-,,.� ..... , ·t,.,-' •..."1 ..... _.�,.. 
-
-
j' ...._,� '\,Y. 'i . (y • __ );: • .- . - -�� - V ,\..f ��.(}�" /- 7· ,• • ,._ 
- I ............ �::s;:- ,f. /·''
I
' � ,\"',v---;:;;·:t, ' ' ,; "··' ·;,· ' . --�,.:... '. ·,. 
�  �,' -....,'-,). J ,::;_: -�-:// \• 
. ., . ' ,unu I_,.;., .• ,. � ', 
· •. ,t·�) t,;_ ,, 
. ,,· ·: . -�::. � ·", 
I -- , · 'ii>• ? .�;.,.. ! �- • -.1.' "-. -".::-0. _,, r;'' ::s. �"'.c<: • '/ f(i i �:;h J • J -'<_l:YV�- .. >-.
�111 ic,,, • \J'' � --�-�'"-'""" .. � • -- • .-.--� r1 • ,,:: __ 1 1 · .,.. -_.,..,,s_-
� 'tj.1.J l ') .1" :-··:.:.---� ii <... �.:::� .:,:,..,_,.. ,. !!'::---:'I.-.. - \ : ! : :; �,..,. ... ,.,, .cc-X 
- ... ·-·- -"!Y 
-�- ('-:1',:·'"'i I / 1)/�,.:. ; -��--�- i-:�·-','-1 er�  - r '"" M •-:ct \ f• ' ._L_._,}... -·::. ,, • • " 
!\ 
--f"'-1 ' ., ,;,� ,. '-... 
1,i, .,.. \ \ :<:>: ··:.'{ ?J. "-., I ,,/ � , _;�\(5t�:)� J,'ft .. '·"'··,. 
......--..,----:-- -- -
r� ""�"'" .,, _,_,� ,_-. ,-_. ' • ,-,,;.,);.;;,;.'1 ( l. \ 
I 
"-'ftj · .. ' 
Fig. 1. TIDAL JAMES RIVER AND LO
CATION OF SAMPLING STATIONS







transition zone normally moves upstream and downstream as much as 15 
i 
miles with extremes jn fresh-water discharge. During the extreme drought 
. i 
period of 1965 the fresh-water discharge as measured at Richmond remained 
between 1�090 and 1,704 c.f.s. from July through January. The salinities 
increased near the mouth until August when the inflowing waters from 
. . I 
Chesapeake Bay provided stability to the system (Fig. 2). The upstream 
stations showed a significant increase in salinity and tl1e progression 
of the salt wedge upstream as near steady-state low flow conditions· 
persisted. In December 1965, measurable quantities of dissolved solids 
of marine origin were detected at Jordan Point, 63.5 miles upstream 
from the mouth . 
The spring run-off pushed the salt wedge downstream and depressed 
the salinities at the downstream stations. Salinity recovery was quite 
rapid after the fresh-water crest had passed but the 
was less stable than before the high run-off and was 
salinity structure 
depressed again 
by the April 1966 freshets. 
d . , I Water temperatures in the James estuary an tiaal t'iver ranged
from 0.0 to 29.0 °C during the study period (Appendix A) The lowest 
temperatures were recorded in February during an extreme cold wave. Ice 
cover extended from J-22 to the Fall Line either as floating shore ice
or fresh-water ice. The highest water temperatures were recorded in 
September· 1965. 
I
The temperature regime varied from less than 1 °c from 
the mouth to y-76 in July 1965 to more than 7
°C in December 1965.
The James River is considered one of the most ·turb:i.d of Virginia r s
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Fig. 2. BOTTOM SALINIT'{ VAWES FOUND AT THE JAMES RIVER ESTUARY 
STATIONS FROM :,lAY 1965 TH..�OUGH MAY 1966 
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(2) the vast shoal areas in the lower estuary. The lat�er are easily
disturbed during periods of high winds and the resulting temporary
turbidity reduces the aesthetic value of the estuary and has an adverse
biological effect as the settling silt and clay particlE:!s mechanically
entrap phyto- and zooplankton and �emove them from suspension.
The monthly surveys were conducted at slack before flood tide on 
days when wind conditions permitted small boat operations. The data 
presented in Appendix A therefore represent minimal suspended solids 
levels. 
The July 1965 data (Fig. 3) are representative of low fresh-water 
discharge conditions. The salinity at J-4 had reached 21 % 0 and the 
salt water transition zone was above J-36. The longitudinal distribution 
_of suspended solids was typical of a coastal plain estuary. Our data 
indicate that the highest inorganic suspensoid level is
! 
frequently 
found in the 0.5-5.0 % 0 zone and the levels then decrease toward the 
mouth. The organic or loss on ig·nition fraction is an indication of 
the plankton concentration in the water but this is 
described in the section on phytopigments. 
more accurately 
Secchi disk readings which are indicative of the transparency of the 
water as influenced by suspended solids are given in Table 1. 
DISSOLVED OXYGEN 
Water samples were collected for dissolved oxygen determinations 
' 
at two-meter intervals from surface to bottom at each of the ten stations 
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1. 7 2.4 2.4 
1.5 1. 9 2.1 
l. 9 l. 7 1.8 
1.8 1.5 1. 5
1.2 1.2 1. 5
1.0 0.9 1.2 
0.9 0.8 0.9 
0.5 0.5 0.6 
0.4 0.6 0.8 


















1. 2 0.7 
0.9 0.6 
0.5 0.5 
0.3 0.3 0.5 
0.2 0.5 0.6 
0.3 0.5 0.6 
0.5 0.6 0.5 
0.7 0.8 0.9 
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the dissolved oxygen were added in the field and the titrations were 
made in the laboratory. The results reported in mg1-l �re given in
Appendix A. 
The data indicate that the upper tidal portion of the James River' 
is receiving organic loadings beyond the assimilo.tion capacity during 
low flow periods. In July 1965, values of less than 4 mgl-1 were
measured at J-47, J-57, J-68, and J-76. At Station J-76, the dissolved 
oxygen values were below 4 mgl-1 from July 1965 through Dec12mber 1965
at the, time of a11 cruises except October which was made after a fall 
freshet. 
The Estuarine James, downstream from J-47, does not indicate adverse 
effects fr·orn the upstream or tributary loadings. The values exceeded 
the levels considered rninj_mal for aquatic life at all stations during 
every cruise. 
The range of dissolved oxygen values found at each of the 10 stations 
when water temperatures were less than and -when they were more than 15 °C 
is given in Figures 4 and 5. Although no determinations were made 
upstream from Richmond, we may assume that a high level of saturation 
would be attained as the water flows over the falls. At J-76, values 
less them 1 mgl-1 were mc::asured when water temperatures were less than
and when they were more than 15 °C. The stream shows a slight level of 
recover·y at J-68 followed by a second oxygen sag zone at J-57 and J-4 7 
below the Hopewell domestic and industrial outfalls. Complete recovery 
is indicated at J-36 and no evidence of oxygen stress was detected 
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Since dissolved solids affect the solubility of oxygen in water and 
the sampling program covered stations having salinities ranging from 25 % 0
to freshwater, the data are shown as percent saturation when water 
temperatures were less than and more than l5 °C (Figs. 6 and 7). The 
two oxygen sag zones are clearly indicated at both temperature ranges. 
The dissolved oxygen levels were above 80% of saturation during each 
sampling period from Station J-36 to the mouth. 
In summary, the dissolved oxygen data collected during the contract 
period indicate that the organic loadings in the tidal river exceed 
the assirnila,tion capacity of the stream and sub-minimal environmental 
conditions resulted. The organic loading in the estuarine portion does 
not adversely affect the dissolved oxygen levels in the water. 
NUTRIENT ELEMENTS 
Over-enric'r1menc 0£ natural wa�e:cs through the introduction of 
either treated· or untreated domestic or industrial wastes has just 
recently been recognized as a threat to the utility of aquatic systems. 
The resulting atypical phytoplankton or sessile plant populations may 
degrade the environment by producing aquat:ic nuisance conditions, by 
depleting the dissolved oxygen supply in the water through the processes 
of respiration, or by changing the composition of the phytoplankton 
population. 
The upper tidal portion of the James River receives large quantities 
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Fig. 6. RANGE AND MEDIAN DISSOLVED OXYGEN PERCENT SATURATION VALUES FOUND AT 3 m 
DEPTH OF JAMES RIVER fROM MAY 1965 THROUGH MAY 1966 WHEI'; WATER TEMPERi\TURES 
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discharged by Metropolitan Richmond. Calculations based upon a 
metropolitan population of 500,000 indicate that approximately 2.7 metric 
tons of phosphorus and 8.2 metric tons of nitrogen in various organic and 
inorganic forms are.discharged into the tidal James each day. During the 
pe:ciod from July 1965 to December 1965 when the fresh-water discharge as 
measured at the Fall Line was appr·oximately 1,000 c. f. s., this produced 
a direct enrichment of 30 pg-at P 1-
l and 200pg-at N 1-l if we assume
that the upper tidal port:i.on has the hydraulic characteristics of a 
unidirectionJl stream. 
The City of Hopewell, which is located approximately 30 miles 
downstream from Richmond, also adds to the nutrient loading of the 
system. The data indicate a significant inCTease in the nitrog�n 
content of the river water in the vicinity of the Hopewell domestic 
and industrial outfalls. 
PHOSPECJi<.US--·vJacer. samples collecc2d fo:c plwsphurus o.nalyses were 
immediately iced and returned to the laboratory for processing to 
isolate the various components. The sample treatments permitted 
calculations for soluble reactive phosphorus (SRP), particulate reacti,{,e 
phosphorus (PRP), soluble unreactive phosphorus (SUP), and parciculate 
unreactive phosphorus (PUP). 
The data on the quantity of the four forms of phosphorus and the 
total amount present at 1 m and bottom minus l m at each of the 10 
sampling stations on the James River during the 12 sampling periods are 
given in Appendix A. 
f), 
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The data indicate that the excess quantity of SRP introduced into 
the tidal sys·tem in the Metropolitan Richmond area is removed from 
solution either by biotic or abiotic processes in the 40-mile section 
between Windmill Point (J-57) and the outfalls. In July 1965, the average 
fresh-water discharge as measured at Richmond was 1,704 c.f.s. or 
1.2 x 109 g.p.d. The theoretical phosphorus enrichment was approximately 
20J1g-at 1-l. The total phosphorus measured at J-76, twenty miles 
downstream from the city, was 5.88pg-at 1-l at 1 m and 5.60yg-at 1-l at
7 m, indicating a reduction of approximately 75% during a 15± day time 
of Passage. The SRP values were relatively high when compared with the 
downstream values but showed a decrease through the fresh-water section 
(Appendix B-3). This decrease in SRP can be accounted for in part by 
an increase in PUP which in a system such as the James is incorporated 
mainly into plankton cells. Since few fresh-water plankton organisms 
can survive the salt water environment, we would expect a decrease in 
PUP in the transition zone and a corresponding increase in SRP. The
data j_ndicate � reduction in PUP .at J-36 where a salinity of l % 0 was 
measured but the phosphorus could not be accounted for in the other three 
forms measured. A slight increase in SRP and total phosphorus was 
measured at Stations J-4, J-10, and J-17 over the value found at J-36. 
In September 1965, the average fresh-water discharge at Richmond 
had decreased to 
had increased.to 
1 090 c.f.s. and the total phosphorus measured at J-76 ' 
21 pg-at 1-l. Over half of the phosphorus was found to
be in the SRP form·(l2.20)-lg-at 1-1) and 4.60)-lg-:-at 1-l was found in the
PUP form (Appendix B-5). 
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The SRP value decreased from 12.20 pg-at 1-l at J-76 to 0.36
yg·-at l -l at J-68. Althoug·h the PUP value remained relatively constant
betwee0 the two stations, the standing crop of phytoplankton as indicated 
by chlorophyll values increased from 85.50yg1-
l to 102.60 )lgl-1, the
hi.ghest value measured on the James River during the contract period.
Analytical difficulties limited the phosphorus data on J-57 to 
SRP and total, but these values were nearly the same as the values 
obtained at J-68 on the same cruise. 
The data for J-47, as compared to those for J-57, indicate a decrease 
in total phosphorus from the 6. 27 )lg-at 1 -
l ·to 1. 35 yg-at 1 -1. The SRP
Value increased from 0.20 to 0.49 )lg-at 1-l. The sal.inity at this
station was 1 % 0 •  
The SRP values increased from J-36 to the mouth. The increase in 
the Phosphorus form which is considered to be immediately available to 
Priytoplankton was made possible by the absence of a phytoplankton response 
in the estuarine section. The chlorophyll ·values were at a relatively 
consta:r;.t level from J-22 to the mouth even though the SRP values nearly 
doubled through the same area (Appendix A). 
The fresh-water discharge as measured at Richmond averaged 1,193 
C.f.s. during the month of December 1965, a flow of over 6,000 c.£.s. less 
than the mean value for the month. December wa�
'---
the sixth consecutive
rnonth having a mean fresh-water discharge of less than 2,000 c.f.s. The 
Saltwater-freshwater transition zone had moved upstream to beyond J-57









runs on 21 and 27 December indicated that the salinity zone had moved 
farther upstream �o Jordan Point, 63.5 miles from the mouth. 
The phos)horus data from the December ciuise demonstrate the low 
dilution factor for the Richmond wastes discharges (Appendix B-8). The 
total phosphorus value at J-76 was 15.20 µg-at 1-l, of which 7.54pg-at 1-l-
Was in the PoJ form. The total phosphorus in the water decreased to 5.22 
a-c J. -68 and 1. 68 pg-at 1-l at J-4 7. The values remained nearly constant 
.from J-47 to the mouth with only a slight increase measured in the lower 
estuary. 
In March 1966, the fresh-water discharge at Richmond had increased 
to 8, 563 c.f.s. due to the spri;:-,.g thaw and rainfall. The February average 
had been 11,345 c.f.s. The hydrographic data (Appendix A) indicate that 
the system was dominated by the fresh-water component. The freshwater­
saltwater transition zone had been pushed downstream to Station J-22 and
the surface salinity at J-4 was 16 .4 % 0. 
The phosphorus data indicate that total phosphorus values were 
nearly constant through the fresh-water tidal. section. The decrease in 
Val.ues in the lower estuary roughly corresponded to the dilution factor 
of the seawater mixing with the freshwater. 
11. significant quantity of PRP w2..s found at .all stations during the
March 1966 cruise. This form consists of phosphate phosphorus which is '----
adsor,bed on suspended solids. Higher river turbidities were associated 
With the spring run-off. 
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�ussion--'l'he data indicate that the fresh-water tidal James River ---
is highly enriched vlith phosphorus. Although no water samples were
Collected for analyses from the river above i:-he City of Richmond, the 
available wastes discharge data from the metropolitan area indicate 
a Potential level of enrichment comparable to that found.
The phosphorus values measured at Station J-76 were consistently 
Very high except du:r·ing a period of moderate fresh-water' runoff when
adcqua te dj_lution was provided. A 1-i gh percentage of the phosphor-us
measured at this station was in the phosphate form which is immediately 
available to plant life. 
The total phosphorus in the water and the SRP 1eve1s decreased 
significantly throudh the stations in the fresh-water section in the
fa.11 and early winter of 1965 when the fresh-water discharge levels 
remained below 2,000 c.f.s. and hydrographic conditions approaching
steady state we:..2 established. A part of the decrease in SRP could be
explained through an increase in PUP as the standing crop of phytoplankton 
increased. The decrease in total phosphorus in the system, however, was
too great to be explained by dilution of the James River water by the
discharge from the Jl.ppomattox River at Mile 65.
During the period from J"uly t:hrough December 1965 the total. 
Phosphorus in the water column increased from the transition zone to
the mouth. This was larg·ely the result of an incre.9
se in SRP form in
the water column at the estuarine stations. Although the cities adjacent
to Hampton Roads discharge treated sewage effluent into the tributaries
-19-
of ch2 estuary, the nitrogen data for the cruises do not indicate that 
the ef£lu2��s are -che source of enrichment. 
The ca. 985 metric tons of phosphorus diE;charged into the tidal 
Jarnes by �.Ccc:copolici:-: Richmond each year a·nd -che unkr.own quantity entering 
with run-off wat:E:r and the other ci'.cies in -che Tidewater drainage basin 
must r.ave a :::'a"ce of rE:rnovc::.l equal to the :rate of accrual in order to 
pT2ver,t an &ccl:..mula:ion of th2 elerr.e:r;:: witrli.n -cne systern. l'in evaluation 
of the data indica t:ed that: the cransport was not in the water mass. The 
loss from solution and suspension far exceeded the volur:1e dilution as 
indicaced by tributary discharge data or salinity values in the estuary. 
Sediment sa;riples were taken at fifteen stations located at 5-mile 
intervals between J -LJ. and J-75. The top 1 cm was analyzed for total 
.phosphorus. The phosphorus value at J-75 was 1,352 yg g-1 of dr'ied sediment 
(F:Lg. 8). The total phosphorus in the sediment samples collected 
c.:::::::: :::::::,:::,c. to 3�0 ye: 9--l at J-�O and ranged from 190 to 640 yg g-1. This 
·.cacge of values probably does not represent significant differences
between stations since differences in sediment types and adsorptive
capc,city can be expected in the 65-mile reach downstream from J-75. The
upscream sou:ccE.:s is being removed from solution through the processes of 
sedimentation. 
A significant quantity of phosphorus is removed from the system 
by the removal of shellfish. The mean harvest during the last 4 years was 
estimated at ca. 3 x 106 bushels per year. Assuming that the meats contc:i.in 
0.2% phosphorus and the shells 0.4%, the total removal by the shellfish 
� 















Fig. 8. TOTAL PHOSPEORUS IN TOP 1 cm OF DRIED SEDIMENTSFROM 15 STATIONS ON THE TIDAL JAMES RIVER
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industry would only a.ccount for 46 metric tons per year, a quantity 
which would be rep�aced in only 21 days by the enrichment from the 
T:1c.:cropoli-c::an Richrr,ond area. 
J.1.lthou9·h no data are a.vailable for the quantity of finfish removed 
from the system each year by corrmercial and sport fishermen, the phosphorus 
removed by this harvest could not exceed that removed by the shellfish 
In s1.,;:rnr;�a.ry, tr.2 & v2-ilable phosphorus data do not permit thG develop-
ment of a quantitative budget for the tidal system. ·Both .the estuarine 
ar:ci. fresh-wate::: portions of thE: James are bordered by ext::ensive tidal 
marshes. The role of these systems in tidal stream nutrient:: budgets 
has not been evaluated. JU so, we cannot quantify the role of high rainfall 
periods and the resulting· high flushing rates in washing nutrients from 
marshes and transpor'cing them out of the tidal system without their ) 
entering the biocycle of the estuary. 
'I·he phosphorus cycle in open tidal systems is extremely complex 
and additional studies must be completed before the role of this element 
in producing aquatic nuisance conditions and degrading the environment 
can be evaluated. 
NITROGEi'J--Water sarr:ples were collected from 1 m and bottom minus 
1 m at each of the 10 stations on the tidal James River during the 12 
cruises authorized by t::he contract. The samples were iced and returned 
to the labqratory for analyses. Arru�onia, nitrite, and nitrate analyses 
were run immediately on returning to the laboratory or, if this were not 
-22-
possible, che samples were froz0n at -l8 °C. Particulate organic nitrogen 
(PON) determinations were made on the material retained on a glass filter 
pad after filtE:ring a known quantity of raw water. The data are given 
:i.:-1 J'.l.ppendix IA.
The tidal James River is artificially enriched with nitrogen 
compounds by the wastes from the Metropolitan Richmond area and industrial 
and c.o,i12stic waste:, h'om t:ie Eo!:)ew0ll a:cea. Tne level of nit:cogen compounds 
in cte industrial wastes was noc determined buc one plant produces 
app::c"oximc::tely 1,000 ·cons of ammonia per da.y and a loss of the product 
co the waste stream is unavoidable with the process now employed. This 
source of enrichment could be identified on all cruises. 
The nitrite and nitrate values found at Station J-76 were lower 
tha:-1 would be expected from calculations utilizing the level of enrichment 
from domestic sources and the fresh-water discharge rates at Richmond 
(Appendix C). Unfortunately, our analyses did not include soluble 
organic nitrogen, a form which has proven to be extremely significant in 
recent studies. 
The July 1965 data show only O. 90 yg·-at N · N02 1 -l and 14. O yg-at
'T '"O 1-l c,._ · · J 7r ( 71 , .  C r,) &·� 3 - at 0�ac1on - o Hppenaix -0 • The nitrite nitrogen level
. , ?l ro , ,_, . . .,_ 1 1 . 6�- o .,---t N 1-l .incre�sea to __ . 0l a�� �nc n�crate ����0;2� -eve_ co . u rs ct _ ac 
J-57 downstream from Hopewell. The nitrite nitrogen value decreased to
4.94 and the nitrate nitrogen value increased to 93.6 yg-at 1-l at J-47.
Both values decrease from J-47 to the mouth, with the levels at J-4
only 0.03 yg-at N·N02 and 5.0 yg-at N·N03 1-
1. �he PON values ranged
··23-
from 35.88 co 0.40yg-at 1-l with the highest values in the area below 
HopeweJl 1:1:-10:::'e the chlo!'ophyll values indicated the greatest biomass 
of phy'copl2nkcon. 
Tl1e Scoptembe::r nit:cite-nitrate value.s at the 10 stc1tions on the 
tidal Jarr,e:; Rive::.r £ollo,.1ed the s&me pattern as the July levels (Appendix 
C-8). 'i.'h2 nitd:ce nit.c'ogen level 2t Station J -76 was only O. 01 )lg-at 1-l
'i''i:"1e values inc:ceased 
to 13.00 2�d 76.0 yg-at 1-l at J-57, then decreased co 0.50 and 1.50 at 
'l':t-:2 Se:JYc:ernber c:r.loro:_:)hyll values w2-re· the highest recorded during 
the study period with J -57 and J-68 levels of appro0imately 100 µg 1-l.
'l'hf� avc::ilc:ble nitrogen was utilized by the phytoplankton and incorporated 
into plant tissue but the data do not show the inorganic forms returning 
to solm:ion in the river downstream from the bloom zone. 
In D2c2mber 1965, the fresh-water discharg·e rate at Richmond had 
decreasc�d to 1,198 c. f. s. and the fresh-water phytoplankcon population 
had b2en depressed by low water temperatures. The resulting low dilution 
a.nd lm·, nitrogen utilization rates were apparent from the data. 
':i.':-.:::: :'::i_trite-nj_tr2.te r.it:'.'og2n values at Station J-76 were 1. 70 and 
�f", f",o 1-1 L,.�. L ;.lg-2:c _ 
•' 
The nitrite level increased ·co 2. 05 )lg-a·c N 1-l ar.d
the nitrate level to 231.00 yg-at N 1-l at J-57. The levels decreased 
toward the mouth to 0.03.,ug-at N·N02 a.nd 0.79yg..'..at N·N03 at Station J-4
(P.ppendix C-8). 
After the spring run-off, the inorganic nitrogen levels were nearly 
unifo-:cm through the tidal river (Jl.ppendix C-10). The nitrate nitrogen 
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va..lue at: J -76 was O. 64 pg-at 1-l and t:he ni t:rate nitrog·en value was
16. 27 1 1 g-a·c 1-l at the time oi the 19 1,Iarc:t c:ruise. 'I'he levels did not.r 
show the characteristically high �ncrease at: ·the stations in the 
vicinity of Ho9ewell and remained &t a:1 above averag·e level throughout 
c:he estuary. T:ne nitrite-nitrate values at J-4 were 1.43 and 19.20 
'T ·1 - l ' ' . 1 ; · ' pg-at � _ - ac 1:ne _ m aepcn. 
Discussia�--T�e tidal Ja.2as R!ver is jighly enriched with nitrogen from 
both dor:,es·cic and indust:cial sou:cces. i:::·:C-:G da·::a indicate -chat ·cne latter 
may be the ffiOSt: significant. 
?he :--::.1�)1 level of inorganic nit::::09·2n forms in the river downstream 
from the Hopewell outfalls.was utilized by the phyt:op:).ankton population 
and removed from sol0tion before the water mass was transported into 
the estuarine section. The blue-green algae population cannot survive 
in the marine envi:con;nent and th2oretically large quantities of available 
nitrogen should have been available to the es-cuarine forms. Our data 
do not indicate that either regeneration, or uptake and a marine phyto­
plankton response, occurred. Dentrification and loss to the atmosphere 
is a �actor to be considered in the nitrogen cycle and budget of the 
syster::. �O'ileve::::, su9:_)lerr.cmtal studies co::.:ducted in Jl.ugust and September 
1966 indicate that soluble organic nitrogen values as high �s 50 pg-ac 1-l 
may be found in the estuary durir:g· the late summer. These data suggest 
that the freshwater phytoplantton forms die after being transported into 
the saltwater zone but that �he deg·radation of org£.nic nitrogen to 




sech cidal Jam2s River ,is capable 
of s�pporiir.g a p�ytoplankton populacion of sufficient density to 
prod�ce ao.uatic rcuisar.ce co�"<ciicions anc d2grac2 c:rie e:1vironrt2nt. This 
study was designed to evaluate the available nutrient levels and to 
r::2c,sc.1:ce c:he p::yto)lankto:-i response. Wa:cer sar:1ples we:!}e collected on 
a:-.a.::..y.:c:ss. 1:Jate:r sa,:�:=,les for ql.:a.li-cat:ive plankto::: analyses were collected 
for c�e Microbiology-Pa-chology De;arc�an-c but tjese da"Ca �re not: available 
at this time. 
The relative quantities of phytoplankton in the water at the two 
depths sampled at each of the 10 stations during the 12 cruises are given 
in J.'.ppendix A. 
population has a different res:_:>onse pat-cern -chan the es-cua:ci::;.e community. 
In Nay, June and July 1965, the fresh-water population showed a progressive 
increase in biomass in the highly enriched area (J1.ppendix D-1). T:,i2 
c'nloropr1yll level ac J·-s7 :ceac:-.eci Su y9· 1-..:.. in 0'.1ly. X&.:�:c·c..::. \Jc.c2·::::, > ..:.v::..::-.£i· 
chis phycopig�enc level are not::.ceably green and are consi�ere� 
objectionable to many users. 
The scanding crop of phytopla�kton as indicaced by the chlorophyll 
levels decreased to very low levels at Station J-47 and then showed a 
slight increase in the estuary. 
c= -26-
DuY'ing August, September, and October 1965, the fresh-water 
levels ,:,;}dch 2dv2rsely a:f:fected the 
aes.::hetic vo.lue of tJ:-10 w2.t2:.." z.:.r.d produced envi:r.or:m2:1tal oGgi�idatio:1. The 
enrtch:-r12nt occurred the period 
of high solar' :eadia-cion levC;ls ar:d high water temperac.;res :i.YJ. September. 
With �he exce9tion of a small bloom in the middle estuary in October, 
levels. 
In Novernbsr, �ecember, and Jat1uar'y ) t�e fres�-w&ter discharge levels 
howaver, t:--ie standi"1g crop of phytoplc:.nl<.ton in the fr·esh-water section 
dec:ceasc: d c:r.d chlo:r.op:.1yll values of less than 50 ;.g 1-l vJere obtained at
J-57 and .J-68. Th0 December value at J-57 was a9proximately 15 )19. 1 -1
(1-ippendix D-3) . 'I'his was the only month during· t:Oe study thc,t measurable
The phyto;:_:ilanl<.to:1. stc:.ndi:r:g· crop in t:C,,e lower estuary ( J -4 to J -22) 
increased during the late fall period. Chlorophyll vallies of betwe:,en 10 
and 20 ua 1-l were measured at all stations in Dece�ber 1965. 
I ., 
':'"' . ') ,.-, �, .  :_,:,...._.._. ... �,
effect of -che inc:ceased dilu'cion cind flushir.g· rate was reflect:ed in the 
chlorophyll values (Appendix D-4). A decrease in run-off in April 
permitted a buildup of phytoplankton organisms b�-c increased rainfall and 
fresh-water. discharg·e ra-ces in May 2-g·ain reduce:d. the standing crop.
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The p:1ytopL::.1.kcon s·candir:�r c:cop in the middle estua.rine section was 
0.1... a low 1E::v2l duri:::g t:,e sprin�j per.·:i.od. Chlo:co9hyll values 0£ less than 
15 pg· 1 -1 were recorded 2t all but the:: J-l:- s-ca U.on. vJ:.1.en corr,92:ciso.ns 
are ma.de with t£:e upstr2ar.1 stations, the p.roxir;1ity of trds station to 
Chesape2.ke 3ay a.nd ·che hi9-J:·1ly enric'.hed Elizabe·c:O a:ci.d N'ansernond rive:rs may 
b2 responsi�le for th2 difference in biological characteristics. 
1"elationshi9 as related to water "CeDy<::ra.-cure and season. ':C1e monthly 
ave::rage fresh-water discha:cge at Ric:nr;,o:td dropped below 2,000 c.:f .s. in 
July 19S5 and rernained below this level throug·h January 1965 (A9pendix E). 
Although a system such as th2 tidal Jases is subjected to freshets, the 
modified the ef:fec·cs of 2-3 day ir.c:ceas&s in runoff which are charac·.:eristic 
of droug::1'.:: period hydrograph s . 
Duri�g the su��ar of 1965, tte me2� st�eam flows were cs nearly 
condi�io�s as coull b2 expected in �a���e. T�e nutrien� dilucio� f22�or 
reached minimal levels and turbidities were low for an estuary such as 
the James. 
The n0.trient elements ir rco the system could nm: be 
traced through the freshwater or estuarine sections in either inorganic 
or organic forms. The .he2.vy enrichme:rc in the upper freshwater section 
and 15 LLg-at P ,-1 t ?  000 f , - a -, C • .  S. 
coLl6 be detected ac J-76 by rela'.:::i:-.g ti12 
20-dcly �)cried. September 1965, 
mon��ly 2ve�&ge flews dec�ea2ed fro� 5;348 c.f.s. to 1,090 c.f.s. During 
this same period the total phosphorus in the water column increased from 
t:. 0 PC'. 1 '(f ,.,·;,-s 1 0·00:)'-yl l ,,,:;,·n 1 -; +-c,·n uJ r.J \... ... � - - ·� ...._ ...... .;:""""J.. _,..._ l.,.\...,_ . 
values all chansed by a �actor of 5 d�ring this period. The James River 
from J-76 co Richsond has a dred;et chann2l and many of t:�e characteristics 
of a ca�al. The transport: characteristics and nutrient levels would be 
expected to be directly related to freshwater discharge levels. 
A fall frestet provided extra dilution of the waste loading in 
October· but the £lows c:1.ecreased and tne total phosphorus values incr·eased 
ag&in during· Nov2r.ib2r, Dece�nber, and January. ':C'he lower wate:::- cemperatures 
apparently prevented t:he blue-green phytoplankton population from accaining 
t�e levels recorded in t�e late su��er and fall. 
by che drec.gsd ::-iavigation cha:c:.nel. T:-:e volume o:E the system is mm."e 
than cwice t�ac of the channel and the flus�ing characteristics are 
'�"'···r,
r
�c,v ., y COT"l)lS'/ Qua11· t;:it-·.J..: v:::c a'•yp C.,'udi" r-.c. conah1ctr-d 1· 11 t' he· 'nydr;:i1uJ.1' CC::AL.-�-i"\..0-' -'.:. C::/, , - � � · � -- �- • - � ' - -
scdel indicace t�&t river water crans)orted into t�e secondary cha�nels 
and Lack waters has a long residence t:ime in these systems. The physical 
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a�d c�cDica� ch�racceristics of the water ac J-68 are also affected 
�ive:r j�t t�e steady stai:e-slack before flood tide influe�ce has not 
'i'n2 i:ctal 9r,os9hor·us l2vels c::.t J-63 1:121'2 f�-::eque:',tly less than 50% 
o:: :r�2orded ac J-75. I::. the oxidized nitrogen l2vels 
D ·-,,1;-0-
., 
1 ·, r 1' ·L·-o·--. r" "'') o·c,s Co - J..,.J-.... _ -0.-i..!.\.. .:.L �,:).:._ .:.1. C 
recorded in September 1965. 7he t:�e-green �opulatio� decreased as solar 
, ro ?j �1-l . . cnlorophyll level at J-ou was - t yg - -
I·.c,. - 19,.. 5 ' _ 0anuary o ,  tne l m.
':'he total i:fr1.osphorus levels in t:ne \vate:r column ren�a:Lned constant 
section buc the availa�le nitrogen values increased ai: J-57 downstream 
p., nitrate :'.',itrogen vah:e or 262 _;.g-at: 1-l was recorded in 
Novc;:-,1::;e:c 1SS5, a pe:ciod vfr,2n utilization by plari:cs was low. 
la:ce 
���sa�ce co���t�o�s dsv2lo9ed; how2ver, blue-g022� forms cannoc tolerate
a sale water environment a�d the population was greatly reduced ai: J-47
ar�d J-30,. 
T}-',e, large quanti'.(:ies of ni tr·og2�"l and phosphorus biologically combined 
i::: ..::>J.e ce2.ls of th8 f:-2sr:.12..ter o·�·g2.nisT.'.lS \-Joulcl be releasE;d to solution 
T:'le nutriencs would b2 
n,
11 · - · 
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BIOLOGICAL, CHEMICAL, AND PHYSICAL DATA FROM TEN 










A-10 -March 1966 
A-11 -April 1966 
A-12 -May 1966 








,...... rl � ,...... >. I s::: .._,, u .µ rl 




Q) Q) ru 0 
Cl) r-i 8 C/) r-i 
J:4. -s 17.4 16. 70 9.65 
2 17.2 16.68 '9.05 
4 17.3 17.00 8.86 
6 17.1 17.40 7.70 
J-10 s 19.5 10.77 9.03 
2 18.3 11.88 8.50 
4 18.2 12.29 7.32 
6 18.6 12.69 8.18 
J-17 s 19.8 5.62 6.57 
2 19.0 6.64 8.42 
4 18.7 6.92 8.24 
6 18.8 7.37 8.16 
J-22 s 20.1 1.67 7.84 
2 19.4 2.40 7.46 
4 19.2 2.67 7.86 
6 19.2 2.72 8.04 
8 19.2 2.78 7.76 
10 19.3 2.99 8.28 
12 19.3 3.13 7.96 
J-29 s 20.7 0.23 7.96 
2 20.1 0.22 7.42 
4 19.7 0.21 7.36 
6 19.6 0.22 7.34 
8 19.6 0.23 7.32 
J-36 s 20.1 0.11 7.08 
2 20.1 0.09 6.63 
4 20.0 0.09 6.59 
6 20.0 0.09 6.61 
8 20.0 0.09 6.47 
10 19.8 0.10 6.37 
12 19.8 0.10 6.49 
J-47 s 20.6 3.46 
2 20.1 3.38 
4 19.8 3.38 
6 19.8 3.18 
8 19.8 3.18 
10 19.7 3.02 
J-57 s 21. 9 6.81 
2 21. 9 6.47 
4 21. 7 6.33 
6 21.6 6.17 
8 21.6 6.01 
, J-68 s 22.4 6.89 
; ) 2 22.5 6.83 �' 
4 22.3 5.67 
6 22.3 5.75 
6 May.1965 cont:i.nued 
""' 
?-! r, s:: ...._,, u 
0 ...._,, 
•rl ,.c:: 
.µ .µ P,1 ro P, f: .w <1) <1) 
U) t=) £-{ -...... - . ____.. _________  , ___ _
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.j..J .µ C\1 
r(l Q, E 
�J (1) QJ 
-2..J C. ·-1 








J-17 1 22.6 
3 22.3 
5 22.3 



















































































































































































































36.0 11.0 · 25.0
28.5 9.0 19.5
32.0 7.6 24.4 
28. 5 16.5 12.0 
34.5 8.0 22.5 
12.8 9.5 3.3 
14.3 8.0 G.3





�J I cu rl 
µ ,,.... 2> cu . 
r:: '-" tn 
p.. :::1., 
•rl ,.c:: '-" 
µ µ . 
rtl 0. E-1 p.. 
.µ QJ 0 � 
(::I E-1 (/) 
J-4 1 0 .  97 0.03 
7 0.68 0.10 
J-10 l 1.06 0.03 
. 7 1.37 0.27 
J-17 1 1.37 0.27 
5 2.40 0.32 
J-22 1 1.89 0.53 
11 1.12 0.35 
J-2
°
9 1 2.58 0.32 
7 2.00 0.47 
J-36 1 1.40 0.62 
11 3. 97; 0.27
! 
J-47 1 1. 90, 0.41 
11 
I 
2 .671 0.41 
J-57 1 2.80 0.18 
7 3.05 0.27 
,J-68 l 3.57 0.44 
6 2.98 0.44 
J-76 1 3.69 0.78 































































CRUISE DATE 19-20 May 1965
,,.... 
r-l ,,.... I I 
rl rl rl 
I .  I 
rl µ µ rl cu cu 
µ . . µ, cu CT) CT) cu . :::1., C' . CT) '-" CT) 
:::1., 
'-" z z '-" . . 
p.. (\J (Y) z 
;::l 0 0 p.. 
p.. :z; :z; 0 
0.41 0.23 4.8 
0.35 0.19 
0.51 0.33 5.6 
0.91 0.28 3.9 
0.46 0.33 4.2 
1. 73 0.33 3.9 
1.05 0.26 
0.01 0.31 2.8 
1.49 0.26 5.6 
0.38 7.1 
0.98 3.5 
1. 90 0.52 10.4 
·o.84 4.95 
1.21 5.00 1.6 
1.67 6.35 5.6 
1. 76 5.72 9.0 
2.23 . 0. 69 1.4 
1.37 0.73 7.1 
2.07 0.39 9.2 
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0 '--' 
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.µ 4J �· ro 0. 
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1. 58 7.6 
7.5 
7.4 



































































18.0 i 2.3 
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DA'rA SHEET 
RI\?ER James CRUISE DATE 13-14 July 1965
rl 
r-.. I r-.. . r-l 





8 tn tn 
•rl ..c: � ...__, E ...__, E 
.µ .µ 0. •ri ...__, ...__, 
0. E: r-1 � 
� .µ Q) (lJ ru 0 f-1 ::r:: Cf) � 
Cf) i::i E-l Cf) i::i r-:i: P, Cf) ...:1 P-, -
J-4 1 26.0 21.29 7.07 1. 59 7.7 16.5 8.8 7.7 
3 25.8 21.35 6.73 7.7 
5 25. 6 21. 69 6.28 7.6 
7 25.5 22.79 5.96 1.68 7.5 11.6 9.8 1.8 
J-10 1 26.9 14.83 7.15 1. 20 7.6 7.5 6.5 1.0 
3 26.7 16.08 6.53 7.6 
5 26.4 18.70 5.98 7.6 ' 
7 26.3 18.79 5.90 1.46 7.5 25.0 20.0 5.0 
J-17 1 27.0 12.19 6.18 1.04 7.3 9.8 9.2 0.6 
3 26.9 12.47 6.00 7.3 
5 26.9 13.11 5.88 7.3 
7 26.8 14.45 5.74 1.22 7.2 31.0 29.0 2.0 
J-22 1 27.4 7.22 6.67 0.75 7.2 11.0 9.8 1.2 
3 27.4 7.41 6.57 7.2 
5 27.3 7.40 6.53 7.2 
7 27.3 7.44 6.77 7.2 
9 27.3 7.68 6.45 7.2 
11 27.3 7.83 6.36 0.78 7.2 28.3 24.0 4.3 
J-29 1 27.5 3.42 7.39 0.56 7.3 19.0 17.8 1.2 
3 27,4 3.45 7.27 7.3 
5 27.4 3.46 7.23 7.3 
7 27.4 3.49 7.13 0.36 7.3 22.0 18.5 3.5 
J-36 ·l 26.5 1.11 6.33 0.43 6.9 8.5 7.0 1.5 
3 26.3 1.32 6.69 6.9 
5 26.2 1.31 6.80 6.9 
7 26,1 1.37 6.57 6.8 
9· 26,1 1.48 6.63 0.47 6.8 42.0 36.3 5.7 
J-47 1 27.5 0.13 3.28 0.34 6.4 21. 8 19.5 2.3 
3 27,4 0.13 3.36 6.4 
5 27,3 0.13 3.38 6.4 
7 27.3 0.13 3.30 6.4 
9 27.2 0.13 3.36 6.4 
10 27,1 0.13 3.46 0.34 6.4 27 .  7 24.0 3.7 
J-57 1 27,4 0.14 3.80 0.86 7.0 25.5 18.5 7.0 
3 27.4 0.14 3.64 7.0 
5 27,3 0.18 3.60 6.9 
7 27,2 0.18 3.72 7.0 
8 27,l 0.18 3.82 0.86 6.9 35.0 29.5 5.5 
J-68 1 28.2 3.07 0.92 6.8 20.0 18.5 1.5 
3 28,0 . 3.22 6.7 
5 27,8 3.36 6.7 
7 27,7 3.78 0.92 6.7 55.5 44.5 11.0 
J-76 1 27,l 1.86 0.87 7.0 21. 5 20.0· l.5
3 26.9 1.84 7.0 
5 26,9 2.00 6.9 

















_____ , ___ _James CRUISE DATE 13-14 Ju!_v.�1_9_6�5���
,..... 
rl ,,...., ,..... ,,..._ ,,..._ I I 
r-l rl rl rl ,-j 
.µ I I I I 
rU rl rl rl rl .µ .µ . rU rU 
0) .µ .µ .µ .µ . . ,,...., ;:1, cu cu ru ro 0) 0) :8 '-' . . . . ;:1... 3-'-' 0) 0) 0) bl '-' 
0... � 2' C' ;::.t..,..c:: '-' '-' z z 
�_J . . . 
P, E-1 
� 
Cl, Cl.1 P..1 C\J ('I) 
Q) 0 p::; ;:_j ;:_j 0 0 
c:'l E-1 U) Cl.1 Cf) P-1 z z 
1 1. 83 0.40 0.10 0.30 1.03 0.03 5.0 
7 1. 93 0.56 0.14 0.44 0.79 0.04 4.4 
1 1. 93 0.30 0.05 0.40 1.18 . 0. 26 4.5 
7 2.62 0.70 0.15 0.58 1.19 0.21 1.2 
1 1. 73 0.50 0.05 0.30 0.83 0.34 18.8 
7 0.70 0.20 0.33 21.8 
1 1.24 0.16 t 0.19 0.93 0.23 24.6 
11 2.23 0.30 0.10 0.05 1. 78 0.23 26. 2·
1 1.49 0.06 t 0.24 1.19 0.21 63.6 
11 1. 34 0.06 t 0.14 1.14 0.20 42.8 
1 1. 05 0.16 t 0.24 0.65 0.33 63.6 
9 2.03 0.16 0.14 0.19 1. 54 0.30 68.0 
1 
I 
0.25 1.18 4.94 93.6 1 2 .28 0.70 n.15
10 2.42 0.65 0.54 0.25 0.98 5.00 96.8 
1 4.83 0.35 t 0.50 4.03 21. 60 64.8 
8 5.40 0.40 t 0.45 4.55 20.64 70.0 
1 6.54 1. 88 0.69 0.44 3.53 3.36 5.6 
7 6.72 1.19 0.94 0.35 4.24 5.16 14.0 
I 
1 5, 88 2.47 0.97 0.34 2 .10 0. 90 14.0 
7' 5.60 2.17 1.13 0.60 1. 70 0.97 11.6 
\ ' ,• I 



































.. \:: Dl\TA SHEET 1:· 
'. 
RIVER James CRUISE DJ1.TE 11-12 August 1965 /: ·r·,
1 r--
:,( 0 r--� r-1 ' r-- ! r-- I r-- r-1 rl '& \ � r-1 I r--. >. I I r-1 I ........ C) .µ rl G) r-1 tn ........ •rl tn E: tn E:: 
gi 
•rl ..c: i::: E: ........ E: .p 
� 
·,-l ........ ........ O, rl 
� t1 �J Q) Q) ro ' 0 ::r:: Cf) q E-1 C/) q � 0. Cf) ,-:i P., � .. -
J-4 1 25.2 23.56 6.26 1. 76 7.8 8.4 1.2 7.2 3 25.2 23.73 6.22 7.9 
5 24.9 24.40 5.58 7.9 
7 24.7 24.61 6.04 1.81 7.9 20.2 4.2 16.0 J-10 1 27.0 17.23 6.79 1.31 7.8 9.0 2.7 6.3 3 26,8 18.67 6.57 7.8 
5 26.l 21.47 5.74 7.9 
7 26.0 21.54 5 .,72 1.60 7.9 35.6 6.3 29.3 J-17 1 27.3 13.95 6.33 1.03 7.7 9.3 2.8 6.5 " 3 27.1 15.37 5.82 7.7 
� ·  
16.71 5.70 7.7 ''5 27.2 .-
7 26.9 16.94 5.52 1.26 7.7 30.6 3.2 27.4 J-22 l 27.7 8.53 6.63 0.80 7.3 6.8 2.5 4.3 
3 27.7 8.59 6.55 7.5 
5 27.7 9.49 5.12 7.5 
7 27.6 9.51 6.41 7.5 
9 27.7 9.56 6.45 7.5 
11 27.7 9.70 6.29 7.5 
12 27.5 9.83 6.31 0.79 7.5 59.5 7.5 52.0 
J-29 1 28.0 4.41 7.05 0.46 7.3 13.3 0.6 12.7 
3 27.9 4.35 6.87 7.3 
5 27.8 4.53 6.89 7.3 
7 27.6 4.88 6.83 a.so 7.4 62.0 4.0 58.0 
J-36 1 27,8 1,73 6.77 0.2·7 7.1 14.3 2.3 12.0 
3 27.6 1. 97 6.73 7.2 
5 27.7 2.04 6.75 7.3 
7 27.6 2.os 6.69 7.3 
9 27.4 2.13 6.69 7.3 
11 27.4 2.22 6.G7 0.38 7.3 48.7 5.1 43.6 
J-47 l 28.2 0.20 3.17 0.19 6.8 18.7 1.0 17.7 
3 28.0 0.20 3.09 6.6 
5 28.0 0.21 3.15 6.7 
7 28.0 0.21 3 .45. 6.6 
9 28.0 0.21 3.33 6.5 
11 27.9 0.21 3.31 0.18 6.5 28.5 7.0 21.5 
J-57 1 28.5 0.15 4.38 0.82 7.5 20.4 10.0 10.4 
3 . 28.4 0.1s 3.92 7.5 
5 28,3 0.15 3.84 7.4 
7 28.3 0. J.S 3.86 7.4 
9 28.4 0.1s 3.81 0.72 7.4 30.0 8.5 21. 5J-G8 6.39 0.96 7.5 22.0 6.8 15.229.4 
5.62 7.6 3 29.2 
5.48 7.5 5 29.0 
5.38 0,98 7.6 55.0 13.0 42.0 
J-75 
7 29.1 
2.75 0.92 6.9 15.6 4.4 11.2 1 29.2 
1,04 7.0 3 28.9 
0,74 7.1 5 28.9 7.2 0.66 ,, 7 28.9 ',, 























































































































































































































































































'-' �,�-,;��;ff":;,-,1;�-"11:1��i'l2 .. ,�}1j,�.� s.�:�Fl:1".J"-�f!.1A:tt�P·':��ft't - 1•·7:'f��:�� r -� 
 . 11 • . .• ,,� tr" • • ; "'"\iiidt:'.:tl'm , . df,i,,/; . . i ;.�"lJt.i& 
I DATA SHEET 
RIVER James CRUISE DATE 14-15 September 1965.
,-! r', 
'-" r', I r', r-1 ,...., r', ,-! rl r-1 I ,.....,, >, I o' I r-1 I i:::: '-" u .µ ,-! Q) rl b) rl 0 '-" •rl b) E: tl1 E: b) ·rl ..G i:::: E: '-" E '-" E .j.J .µ @· •rl '-" '--" . '-" m P, rl X t1 .µ Q) Q) r(l 0 ,-:i ::r:: Cf) rx:: (f) g . E-l Cf) r::i r:i: 0., Cf) ,-:i P-, 
I J-4 1 25.2 23.82 5.99 1. 75 7.9 28.5, 
3 25.1 23.87 5.97 7.8 I 5 25.1 24.01 5.97 7.6 
7 25.7 24.15 .S.85 1.81 6.6 33.9 
J-10 1 25.0 19.92 6.35 1.36 7.8 27.8. 
3 25.0 20.31 6.21 7.8 
5 25.5 20.35 5.93 7.8 
7 25.1 20.47 6.13 1.45 7.8 23.4. 
J-17 1 25.8 16.63 6.23 1.09 7.7 19.2. 
3 25. 7 17.12 5.97 · 7. 7
5 25.3 17.12 5.97 · 7. 7
7 25.2 17.42 5.95 1.15 7.8 27 .4 IJ-22 1 25.7 12.58 6.81. 0.77 7.7 18. 9
3 25.7 12.93 6.69 7.7
5 25.7 13.02 6.57 7. 7,
7 25.7 13.20 6.63 7.7., 
9 25.7 13.45 6.47 7.7:\ 
'.} . 11 25.9 13.49 6.45 0.86 7.7 19.3 
J-29 l 26.0 8.47 6.85 0.50 7.5 12.2 
3 25.9 8.60 6.71 7.5
5 26.0 8. 74 6. 71 7.5
7 26.0 8.78 6.81 0.53 7.7 15.2 
J-36 1 25.7 5.08 6.59 0.40 6.9 15.4 
3 25.7 6.77 7.0
5 25.7 6.65 7.0
7 25.7 6.49 7.0
9 25.6 6.00 6.87 0.36 6.9 21.2 
J-47 1 26.1 1.01 4.48 b.19 6.6 21.8 
3 26.3 4.46 6 . .7
5 26.6 4.44 6.7
7 25.9 4.48 6.6
9 25.8 4.48 6.7
10 25.9 1.06 4.58 0.19 6.9 18.2 
J-57 1 26.0 0.22 5.41 0.70 7.6 8.2 
3 26.0 5.27 7.6
5 26.0 5.35 ' 7. 5 
7 26.0 7.5 
8 26.0 : 0. 23 4,99 0.69 7.5 59.6 
J-68 1 26.6 6.49 1.01 7.9 27.6 
3 · 26. 7 6.29 7.9 
5 26.7 6.27 7.9 
:1 7 26.7
6.15 1.03 7.9 38.0 
J-76 0.34 0.95 6.9 12.4 
:1 
1 26.5
3 26.4 0.18 6.9 
1.19 6.9 26.5
















J-4 1 2.60 
7 2.54 
J-10 1 2.29 
7 2.85 
J-17 1 1.80 
7 2.04 
J-22 1 1.41 
11 1.57 
J-29 1 1.15 
7 1.06 
J-36 1 1.15 
9 1.26 
J-47 1 1.35 
10 1. 57,
J-57 1 6.27 
8 8.20 
J-68 1 6,90 
7 7.70 

















































































.µ . . .µ rl cu tn tn n:l tn . :::1.. � . 2' 
b) 
'-" '-" b) 
;:I.._ 2' '--' z z rtl . i . . 
0., (\J Cf) 
z rl I 
;:::J 0 0 
0., ,.c:: 
0-l z z 0 
u I I 
0.35 a.so 1.4 2.3 2.7 
0.39 0.49 1. 5 6.0
 2 .6; 
\ 
0. 2,5 0.61 2.2 2.7 
3.2 
o.71 0.61 2.5 4.
6 3.5 
0.24 o. 79. 2.8 0.8 
2.2 
0.29 1. 70 3.0 1.
4 1. 7 
0.44 1. 78 3.8 
3.5 4.5 
0. 54. 1. 50 4.4 
3.0 3.2 
0,43' 2.83 13,0 
3.5 5.8 
0, 54. 3.00 12,6 2,
3 J.. 8 
0 .-79 2.22 30.1 
5.2 
0.76 2. 90 26,6 
2,8 2.3 
o.54 1.15 74.4 
3.0 




7.60 9.00 83.2 
68,8 63.4 
6.30 13.50 40.2 
29.2 102.6 
7.06 13.20 39.8 
120.1 
4.60 0.01 2.0 
33.3 85.5 



































































































































CRUISE DATE 14-15 October 1965 
r-.. 
rl r-.. 
r-.. I r-.. r-1 
rl ,-j rl I r-1 
I o' I rl I 
rl OJ rl b) rl 
b) 8 b) E: 
� E: '--' E '--' '--' '--' '--' 
� fj 0 :I: Cf) � 
p F'l: 0.. Cf) ..:1 
7.11 1. 66 10.4 4.1 6.3 
7.15 
7.07 
7.03 1.69 I 12.0 .5 .0 7.0 
7.74 1.29 12.2 6.0 6.2 
7.54 
7.37 
7.17 1.43 15.2 5;8 9.4 
8.20 o. 93 17.0 5.0 12.0 
7.86 
7.66 
7.68 1.07 21.0 6.0 15.0 





8.54 0.72 13.6 ·3. 8 9.8 
8.62 0.41 16.6 4.6 12.0 
8.56 
8.56 
8.52 0.47 24.8 5.6 19.2 




7.86 0.30 6.9 15.0 t 





5.55 0.33 7.1 25.0 2.8 22.2 




5.77 1.06 7.2 80.0 22.5 57.5 
5.53 1.07 7.5 21.2 3.6 17.6 
5.59 7.5
5.45 7.6
5.55 1.08 7.6 32.4 7.2 25.2 
4.29 0.69 7.2 13.7 5.0 . 8. 7 
4.33 7 .1.
4.25 7.2
4.33 0.71 7.3 16.3 3.2 13.1 
DATA SHEET 
RIVER James CRUISE DATE 14-15 October 1965
! 
rl ,.-.. 
rl rl ,.-.. I'""\ ,....., ,.-.. I I 
rl r-1 rl r-1 r-1 
�J I I I I I 
r-1 rl rl r-1 µ µ rl r-1 . rel f\J I 
b) µ µ �J .p . . µ 
� ro r(5 rel rel b) b) ru b) 
>-:: ..._,. . . . 6 3- . ;:l-... r.:: '-' b) b) b) b) b) 
(.l., 5 ::i:-, C' 3 2' •r-1 ,.c: '-' z :z; ru 
�J µ . . 
rel 01 � p.. Pa p.. p.. N C1) :z; 
�J (l) 0 � � :::1 :::1 0 0 p.. 
t=) E-1 (I) p.. Cf) p.. :z; :z; 0 u 
J-4 l 2.66 1. 90 0.20 0.42 0.14 0.80 5.1 0.8 2.8 
7 2.58 1. 90 0.20 0.33 0.15 0.80 5.7 2.0 2.5 
J-10 1 2.23 1.45 0.15 0.40 0.23 0.54 4.3 3.7 4.4 
7 2.44 1. 72 0.10 0.26 0.36 0.70 6.2 0.8 2.7 
J-17 1 2.16 0.85 0.25 0.53 0.53 0.11 2.3 4.6 12.2 
7 1. 92' 1.06 0.06 0.38 0.42 0.33 4.0 2.8 
J-22 1 3.07 0.87 0.24 0.95 1.01 0.09 2.4 13.3 45.9 
11 1. 48 0.32 0.08 0.55 0.53 0.10 3.3 3.6 6.8 
) J-29 1 1.16 0.15 t 0.34 0.72 0.48 14.4 15.0 8.9 
7 1.64 0.06 t 0.43 1.21 0.28 4.3 5.8 7.6 
J-36 1 1. 09· 0.10 t 0.40 0.59 0.80 44.4 10.0 2.3 
9 1.18 0.15 0.03 0.17 0.83 0.78 35.2 1.4 2.0 
\.T-47 1 2.16 0.22 0.14 0.43 1.37 4.67 96.8 3.2 8.6 
· 11 2.16 0.20 0.20 0.40 1.36 4.40 95.3 3.4 10.1 
J-57 1 5.63 0.00 0.36 0.69 4.58 44.20 125.8 51.1 89.0 
9 7.68 0.10 0.50 0.60 6.48 38.50 126.0 5.3 82.4 
J-68 1 5.81, 0.67 0.68 0.54 3. 92 6.50 36.8 22.0 81.0 
7 4.60, 0.63 0.79 0.50 2.90 6.99 40.0 22.0 35.9 
J-76 1 5. 83: 2.28 1.32 0.59 1.64 0.62 50.7 4.2 2.9 
7 6.12 2.19 1. 86 0.61 1.46 0.64 51.0 1.6 3.3 
DA'l'A SHEE'l' 
RIVER James CRUISE DA'l'E 15 & 29 November 1965 
r-l ,,...._ .._, ,,...._ I ,,...._ r-l ,,...._ 
,,...._ r-l r-l r-l I I r-l -� ,-... >, I a' I r-l I ,2:1 .._, () .µ rl OJ r-l 
� 
r-l 
0 .._, ·rl b) E b) 
·ri .c: · � E: .._, E .._, 
4J 4..J O, •rl .._, .._, .._, 
ru O, 2 r-l � (1) OJ nj 0 ::r: C/) � 
Cf) � E-t Cf) � r:r: n. C/) ,-::i � 
J-4 1 11.2 23.50 8.72 1.62 8.0 11.l 4.0 7.1 
3 11.3 24.03 8.54 8.0 I 
5 11.4 24.53 8.32 7.5 I 
7 11.2 24.36 7 .16 1.65 6.7 10.2
1
.2.6 7.6 
J-10 1 10.6 20.07 9.23 1.36 8.2 11.2; 4.0 7.2 
3 10.8 20.15 9.15 8.2 
5 11.0 20.40 8.96 8.2 I 
7 8.1 22.32 8.22 1. 53 8.2 11.61 3.3 8.3 
J-17 1 11.0 17.72 9.29 1.16 8.2 13.4 5.6 7.8 
3 11.0 .19.82 8.60 8.2 
5 11.0 20.74 8.74 8.2 
7 10.9 20.77 8.64 1.43 8.3 12.5 5.3 7.2 
J-22 l 10.4 12 .29 9.52 0.79 8.0 9.2 2.0 7.2 
3 10.3 13.27 9.40 8.1 
5 10.5 12.89 8.1 
7 10.5 13.58 9.33 8.2 
9 9.9 13.84 9.23 0.86 . 8.3 8.3 1.8 6.5 
J-29 1 10.1 9.29 9.65 0 .64, 7.5 8.4 1.2 7.2 
3 10.1 9.47 9.53 7.6 
5 10.1 9.51 9.53 7.6 
7 10.0 10.20 9.19 0.58 7 .6' 17.0 6.2 10.8 
J-36 1 13.6 5.70 8.91 0.29 7.3 13.4 t 13.4 
3 13.3 6.02 8.83 7.2 
5 13.4 6.20 8.77 7.3 
7 13.3 6.33 8.81 7.3 
9 13.1 6.54 8.75 7.2 
11 13.1 6.91 8,71 0.35 7;0 13.4 t 13.4 
J-47 1 13.7 1.54 6.81 0.37 7.0 14.6 t 14.6 
3 13.7 1.62 6.69 7.0 
5 13. 7 1.66 6.77 7 .o. 
7 13.6 1. 68 6.87 7.0 
9 13.6 1. 70 6.93 7.0 
11 13.7 l. 75 6.93 0.26 7.3 27 ,4' 1. 7 25.7 
J-57 1 13.6 0.28 4.75 0.99 7.4 20.8 2.8 18.0 
3 13.6 0.29 4.73 7.3 
5 13.6 0.29 4.85 I 7.4 
7 13.6 0.33 4.83 o. 96 7.6 · 35.6 1.2 34.4 
J-68 1 14.1 0.19 4.99 1.00 7.3 17 .6' t 17.6 
3 14.1 0.19 5.35 7.3 
5 14.0 0.20 5.40 1.01 7.5 23.5 2.0 21. 5 
J-76 1 14.1 0.59 0.90 7.1 5.2 t 5.2 
3 14.1 0.55 7.0 
5 14.0 0.48 0.92 7.2 5.7 t 5.7 
DATA SHEET 
RIVER James CRUISE DATE -·-·--- ·
rl 
I 
,-j ,-... ,-... ,-... ,-... 
rl rl rl rl 
.µ I I I I 
rel rl rl rl rl . 
0) �J .µ I .µ .µ 
,-... ::l-.. rel rel rel rel 
'-' . . . . 
'-' b) 0) 0) 0) 




Ct, n.. n.. n.. 
.fJ Q) fY, fY, ::::J ::::J 
q E--l Cf) 0... Cf) 0... 
J-4 1 2 .15 1.10 0.12 0.50 0.43 
7 1. 90 0.95 0.12 0.47 0.36 
J-10 1 2.12 0.96 0.12 0.42 0.62 
7 2.40 1.10 0.20 0.60 0.50 
J-17 1 2.15 0.80 0.18 0.42 0.75 
7 2.22 1.00 0.18 0.68 0.36 
J-22 1 1.40 0.40 0.08 0.38 0.54 
9 1.11' 0.50 0.05 0.30 0.26 
J-29 .1 o. 90 0.24 0.04 0.27 0.35 
7 1.02 0.30 0.03 0.24 0.45 
J-36 1 1.10. 0.05 .0. 51 0.37 0.17 
11 0.99 0.12 0.08 0.40 0.39 
J-47 1 1.67 0.27 0.20 0.35 0.85 
11 2 .10· 0.30 0.24 0.27 1.29 
J-57 1 3.25 0.10 0.18 0.60 2.37 
7 4.25 0.05 0.19 0.55 3.46 
J-68 1 5.22 0.75 0.42 0.51 3.54 
5 5.05 0.57 0 .45 0.51 3.52 
J-7G 1 17. so· 11. 72 1.18 2.28 2.62 






























































































RIVER James CRUISE DATE 13 & 14 Docember 1965 -------
,.--... 
0 
C),Q. rl ,-... 
'--' ,-... I ,-... rl ,-... 
,-... rl rl rl I 
,-... >, I o' I rl I 
� � u .p ,-j QJ rl tn rl 





� ·rl � � � ' � 
.p .j.) O, ·rl '--' ...._., ...._., ru 0, E rl 
� ::r: H � .µ QJ QJ ru 0 C/) 
r=1 E-l Cf) r=1 f:I; 0, Cf) ,...:i p.. 
J-4 1 9.0 24.19 5.39 1. 80 16.0, 7.0 9.0 
3 8.8 24.22 8.41 
5 8.7 24.27 4.98 
7 8.9 24.24 6.40 l. 82 21.0 -4.8 16.2 I 
J-10 1 8.9 21. 09 7.27 1.51 22.l 7.3 14.8 I 
3 8.8 21.46 8.95 
5 8.8 21.64 7.89 
6 9.0 21. 88 7.58 1.61 31.6. 8.6 23.0 
J-17 1 8.7 18.50 10.41 1.28 22.0 9.2 12.8 
3 8.7 19.08 10.25 
5 8.7 19.06 10. 21
7 8.9 19.17 10.08 1.37 24.0, 8.2 15.8 
J-22 1 8.3 14.62 10.35 1.00 16.3 7.3 9.0 
3 8.4 15.11 10.50
5 8.4 15.39 10.06
7 8.3 15.51 9.30 
9 8.4 15.84 10.31 
11 8.5 16.20 10.37 1.10 13.7 3.7 10.0 
J-29 1 8.7 10.48 9.90 0.70 15. 7 3.2 12.5 
3 8.5 10.84 9.75 
5 8.5 11.07 9.44 
6 8.7 1L24 9.46 0.75 22 .6. 5.3 17.3 
J-36 1 8.6 6.51 10.08 0.50 7.6 10.4 2.0 8.4 
3 8.5 7.01 10.16 7.5 
5 8.5 7.11 10.06 7.6 
7 8.5 7.17 10.23 7.5 
9 8.4 7.22 9.92 7.2 
11 8.5 7.71 9.94 0.56 7.1 15.4 2.9 12.5 
J-47 1 8.9 2.49 9.46 0.56 7.6 21.2 2.2 19.0 
3 8.9 2.51 9.61 7 .6· 
5 9.0 2.49 9.65 7.6 
7 9.2 2.58 9.69 7.6 
9 10.0 2.62 9.44 0.58 7.7 52.0 4.4 47.6 
J-57 1 8.5 0.47· 8.06 0.86 '30.5 0.5 30.0 
3 8.7 0.58 8.10 
5 8.6 0.45 8.26 
7 8.8 0.49 8.02 
9 8.8 0.44 8.47 0.96 56.0 8.0 48.0 
J-68 1 9.8. 0.20 8.12 1.00 20.8 · 2 .4 18.4 
3 9.8 0.20 7.79 
5 0.25 8.95 0.98 26 .o ·4.8 21.2 
J-76 l 15,0 0.20 3.72 0.82 7. 2 2.0 5.2 
3 16.2 0.20 3.99 
5 16.4 0.20 5.66 








rl . ,.-.... ,,..... ,,..... 
rl i-l rl 
I I I 
n:l rl ,-j rl . 
tn .IJ .IJ .IJ ,....., ::.i.,. n:l m m ..__, . . . 
� ..__, t:n t:n t:n 
Pa 2:- s 5-·rl ,s:::; 
.IJ .IJ . 
m °' 8 P-, I), I), .IJ G) � 
� 
;::J 
(J) � E-1 (J) Cf) 
----· 
J-4 1 1. 90 0.52 0.20 0.43 
7 1. 93 0.55 0.20 0.47 
J-10 1 2.20 0.47 0.24 0.45 
6 0.52 0.21 
J-17 1 1.80 0.22 0.14 0.35 
7 1.80 0.30 0.20 0.27 
J-22 1 1.38 · 0 .22 0.08 0.18 
11 1.45 0.16 0.11 .· 0.26 
) 
J-29 l 1.10 0.30 0.09 
6 1.26 0.36 0.11 
J-36 1 1.21 0.11 0.09 
11 1.02 0.12 0.10 
J-47 1 1. 68 0.24 0.11 
9 3.42 0.20 0.29 
J-57 l 4.20 0.13 0.13 
9 5.20 0.16 0.19 
J-68 1 5.22 0.60 0.23 
5 5.40 0.51 0.16. 
J-76 1 15.20 7.00 0.54 
7 17.00 7.10 0.74 















rl ,....., I 
rl rl 
I 
rl .IJ m 
.IJ . 
m t:n . 5-.t:n 






















4.46 1. 70 
5.86 1.80 
4¢40JLZl!&&i U M 
_.-....... �.-.:1:Wl!••t11�.lf.jL'KfJllWf11£¥CM}� 
r-cr 
13 & 14 December 1965 
,....., 
I I :r-1 
I ,,....._ 
.IJ rl r-l ', m I . .p r-l 
: t:n m t:n 
.2> . 2' t:n 
z ..__, rel . . 
(Y) z rl 
0 I), ,..c;, 
:z; 0 u 
0.7 14.0 " 
:0.8 4.9 13 .8 
I 
0.8 16.0 
0.9 2.1 13.1 
0.9 18.4 
0.8 4.9 16.2 
10.1 14.0 
4.0 4.3 15.3 
32.5 2.8· 
26.6 2.9 2.8 
58.2 4.6 
47.6 4.5 1.8 
164.0 3.5 2.1 
152.0 8.1 2.7 
231.0 17.1 14.8 
228.4 22.1 16.2 
102.5 6.2 31. 7
100.0 15.8 27.6
42.2 14.0 1. 7
52.2 4.4 1.6
�� 
I DATA SHEET RIVER James CRUISE DATE I 
 
10 & 13 January 1966 
r-.. 
0 r-.. 
6'Q. .-I r-.. 
'-./ r-.. I r-.. ' .-I r-.. 
r-.. .-I .-I .-I I 
r-.. >, I o' I .-1 I 
i:: '-../ u .µ .-I Q.J r{ 0) ,-j 
0 '-../ ·rl 0) E 0) E gi •rl � i:: 8 '-../ E '-../ 
.µ .µ O, ·rl '-../ '-../ '-../ 
ro 0. E ,-j 
� t3 .µ Q.J Q.J rd 0 ::r: Cf) 
(:::i H Cf) r.:i ic::i: O, (/) ...:i P., 
J-4 1 5.9 23.79 9.82 1.64 15 .o: 2.8 12.2 
3 5.8 23.92 9.84 I 
5 5.8 24.03 9.70 
7 5.8 24.05 9.76 
9 5.7 24.03 9.84 1. 70 24.0 3.8 20.2 
J-10 1 5.4 20.04 10.38 1.01 19.6 3.0 16.6 
3 5.4 20.65 10 .10 
5 5.2 20.95 10.02 
7 5.5 21.66 9.94 1.48 21.1' 4.5 16.6 
J-17 1 5.1 16.87 10.64 1.18 15.0'. 2.2 12.8 
3 5.0 16.98 10.54 
I 
' 
5.0 5 17.31 10.30 I 
6 4.9 17.28 10.16 1.19 22.31 6.0 16.3 
J-22 1 5.2 13.07 10.72 0.81 13.51 2.5 11.0 
3 5.3 13.50 10.62 
5 5.4 13.67 10.60 
7 5.4 13.78 10.58 
9 5.3 13.90 10.60 
11 5.3 14.15 10.50 1.00 18. 51 3.0 15.5 
J-29 1 5.0 8.66 11.08 0.65 . 20. 51 1. 5 19.0 
3 5.0 9.07 10.86 I 
5 4.9 9.45 10.76 
6 4.9 9.77 10.70 0.71 30.6 6.3 24.3 
J-36 1 4.86 11.18 0.48 28.5 11.0 17.5 
3 5.04 10.96 
5 5.21 10.94 
7 5.34 10094 0.53 46.5 13.5 33.0 
J-47 1 7.1 1.35 9.24 o. 71 27.2 6.0 21.2 
3 7.1 1.45 9.40 
5 7.1 1.48 9.32 
7 8.8 1.49 9.40 0.69 30.5 6.0 24.5 
J-57 1 6.6 0.30 9.10 0.98 44.0 8.0 36.0 
3 6.6 0.30 9.02 .. 
5 6.6 0.31 8.96 
7 7.0 0.31 8.94 0.88 56.5 19.0 37.5. 
J-68 1 7.7 0.20 7.06 0.81 26.0 10.0 ; 16. 0 
3 7.7 0.19 7.10 
5 7.8 0.19 6.70 
7 8.0 0.19 7.14 0.61 29.5 5.5 24.0 
J-76 1 7.7 0.18 6.10 0.70 7.0 2.5 4.5 
3 7.7 0.19 6.12 
5 7.8 0.18 5.98 
7 8.2 0.18 6.00 o. 90 10.5. 3.0 7.5 




RIVER James CRUISE DATE 10 & 13 Januari 1966 
) 
r-1 ,...._ ,...._ 
I r-1 
,-j ,...._ ,...._ ,...._ ,...._ I I ,...._ 
r-1 r-1 ,-j ,-j r! r-l r-l 
. �J I I I I I ,...._ 
rtl ,-j r-l ,-j r! .jJ .jJ ,-j ,-j 
rtl ru I 
0) .jJ .jJ .jJ .jJ . . .jJ ,-j ,...._ 3' rt.S ru aj aj 0) 0) ro 0) . . . . 2> 2:- . -:> c:: ..._, 0) b) 0) 0) 
P-c 5- 6 ::i... 3- ::1-. ·rl ..c: ..._., z :z; ..._., 
.jJ . . 
rtl P., [j P-c P-c P-c 
P-c C\I ('I) :z; ,-j 
.jJ Q) � 
�
:::, :::, 0 0 P-c ..c: 
Cf) A E-1 Cf) U) P-c z :z; 0 (.) 
0.
1
10J-4. 1 2.01 0.95 0.18 0.41 0.42 
1
1.4 7.6 
9 2.08 o. 92 0.20 0.44 0.52 0.06 1.4 11.0 6.1 
J-10 1 1.80 0.60 0.16 0.32 0.72 0.10 2.2 4.8 12.4 
7 1.81 0.82 0.22 0.41 0.36 0.13 1. 8 4.9 
J-17 1 1.45 0.46 0.18 0.42 0.39 0.22 7.3 1.4 8.9 
6 1.50 0.48 o. 21 0.30 0.51 0.18 7.1 9.6 6.0 
J-22 1 1.26 0.50 0.15 0.17 0.44 0.60 2L6 3.5 5 .  4 
. 11 1.50 0.50 0.22 0.25 0.53 0.46 i7.4 6.0 4.7 
) J-29 1 1.36 0.44 0�16 0.13 0.63 1. 93 45.2 0.6 2.7 
6 1. 70 0.44 0.28 0.19 0.79 1.48 
1
0.0 11.3 2.7 
J-3G 1 1. 54 0.15 0.20 0.42 0.77 4.32 82.0 3.8 
7 2.31 0.80 0;02 0.52 0.97 5.00 94.0 3.8 
J-47 1 2.18 0.28 0.20 0.42 1. 28 11.30 165.0 2.3 4.4 
7 2.47 0.35 0.31 0.53 1.68 9.20 167.0 8.5 4.0 
J-57 1 5.20 0.06 0.29 0.74 4.11 10.50 151.0 17.l 14.2
7 5.40 0.28 0.45 0.64 4.03 10.50 153.0 51. 7
J-68 l 5.99 1.10 1.48 0.68 2.73 3'. 20 55.0 11.4 26.7 
7 6.68 1. 56 1.15 0.75 3.22 3.10 52.0 8.5 22.8 
I 
J-76 4.10 1.12 4.52 2.10 
! 
l 11.88 2.14 45.0 2.0 2.7 I 
7 12.28 4.10 1.39 2.30 4.49 2.05 4.5 1.3 3.2 ,. 
iJ& 
DATA SHEE'J.' 
RIVER James CRUISE DATE 13 March 1966 
r-1 ,,-., 
'-" ,,-., I ,,-., r-1 ,,-., 
,,-., r-1 r-1 r-1 I r-1 
?! ,,-., ::,... I o' I r-1 I 
s::: '-" C.) .µ r-1 Q) r-1 b) r-1
0 '-" ·rl
� 
8 i 8 b) ·rl .c i::: '-" '-" E: 
.µ .µ 
� 




Q) Q) n:l 0 ::r:: Cl) 0 
Cl) p E--1 Cl) p � P, Cl) ..:i J:.i.l 
J-4 1 6.8 16.39 10.33 1.40 8.0 26.6 7.3 19.3 
3 6.8 16.78 10.58 7. 9 
5 6.8 17.70 10.56 7.3 
7 6.8 17.33 10.45 1.42 6.7 33.0 10.6 22.4 
J-10 1 7.4 9.41 9.81 1.08 7.8 23.2 12.0 11.2 
3 7.3 10.14 9.68 7.8 
5 7.3 11.10 9.77 7.9 .. i
7 7.5 13.12 9.87 1.24 7.9 35.0 10.6 24.4 
J-17 1 7.9 3.17 9.50 0.78 7.7 - 33.2 6.4 26.8 
3 7.7 3.57 9.46 7.7 
5 7.7 4.21 9.48 7.7 
38.4. 7 8.2 6.60 9.48 0.95 7.9 8.2 29.2 
J-22 1 8.5 0.28 9.48 0.59 7.5 53.d 9.0 44.0 
3 8.3 0. 35· 9.42 7.5 
5 8.2 0.40 9.42 7.6 
7 8.2 0.45 . 9. 58 7.6 
9 8.2 0.47 9.50 7.7 
11 8.3 0.58 9.42 0.61 7.9 90. s
1 
7.5 83.0 
J-29 1 9.0 0.11 9.56 0.44 6.4 49.0
1 
3.0 46.0 
3 8.5 0.11 9.56 -4.0
5 8.5 0.11 9.56 7.6 I 
7 8.5 0.11 9.56 0.53 7.7 74.0
1
21.0 53.0 
J-36 1 7,6 0.08 . 9. 62 o .. 53 7.3 58.0, 8.0 50.0 
3 ·7 .6 0.07 9.68 - 7 .2
5 7,4 0.07 9.68 7.2
7 7.3 0.07 9.62 7.2
9 7.0 0.08 9.62 7.3
11 7,0 0.10 9.99 0.42 7.2 87 .o
1 
5.0 82.0 
J-47 1 8.4 0.06 - 8.41 a.so 7-, 5 68.0 t 68.0 
3 8.4 0.06 8.55 7.5
5 8.4 0.06 8.37 7.6
.7 8.2 0.06 8.43 7.6
9 8.2 0.06 8.39 0,48 - 7. 6 90.0 13.0 77.0 
J-57 1 8,3 0.06 8.59 0.52 7.6 40.0 5.0 35.0 
3 8.2 0.06 8.63 7.6 
5 8.3 0.06 - 8. 53 7.8 
7 8,3 0.07 8.55 o�:so 7.7 93.0: 20.0 73.0 
J-68 1 8,5 0,06 9.79 0.55 6.9 32. 51 5.5 27.0 
3 8,8 0.07 9.83 6.7 
5 8,3 0.07 9.79 6.3 
6 8.3 0.07 9.91 0.52 6.0 44.0; · 4.0 40.0 
J-76 1 7,7 0.07 10.70 0.59 i.6 12. 51 2.5 10.0 
3 7,6 0.07 10.86 7.7 
5 7,5 0.06 10.88 7.6 

































































































CRUISE DATE 9 & 13 Ma.rch 1966 
r-.. r-.. 
rl • r-l 
I I 
rl rl


























0.19 . a.so 3.13 
0.29 0.64 5.20 
0.20 0.57 ,3.12 
1.06 1.15 3.09 
0.31 0.53 2.54 
0.62 0.88 4.43 
0.41 0.45 2.39 
0.61 0.57 · 2.49 
0.21 0.79 1.49 





















































































































'-" () .µ 
'-" •rt..c. i:: 
.µ 0, •rl 
P, E: ,-j 
<1) Q) 115
� [-I (/) 
:::::--- -.-.=:--;;:.:...::.·:=:::..:::::=::�::-::.=-..=-:··--- ·-
J-4 1 11.2 19.75 
3 11.l 19.86 
5 1.1.l 20.06 
7 11.2 20.34 
9 11.0 20.69 
J-10 1 11. 5 14.86 
3 11.4 16.08 
5 11.4 16.72 
7 11.4 18.22 
J-17 1 11.8 9.66 
3 11.7 11.18 
5 11.6 12.85 
7 11.6 13.80 
9 1.1. 6 14.38 
11 11. 7 16.25 
J-22 1 11. 9 5.37 
3 11. 7 5.86 
5 11. 7 6.39 
7 . ·11. 7 7.35 
9 11. 9 7.60 
,11 11. 7 8.10 
J-29 1 12.3 1. 72
3 12.4 1. 95
5 12.1 2.13
7 12.2 . 3 .88 
J-36 1 11.4 0.44 
3 11. 3 0.43 
5 11.3
7 11.2 0.24 
9 11.4 0.27 
J-47 1 12.2 0.10 
3 12.3 0.10 
5 12.3 0.10 
7 12.3 0.11 
9 12.4 0.27 
J-57 1 12.5 0.17 
3 12.5 0.12 
5 12. 5· 0.12 
7 12.6 0.12 
9 13.3 0.12 
J-68 1 13.5 0.12 
3 13.4 0.12 
5 13.6 0.12 
7 13. 9 0.12 
J-76 1 13.4 0.13 
3 13.4 0.27 
5 13.4 0.23 









gi E '-" ......, 
� 0 ::r:: 
c::i � O, 




10.04 1.49 7.8 
9.77 1.26 8.0 
9.69 8.0 
9.50 8.1 
9.62 1.45 8.4 





8.70 1.27, . 7. 7 
. 9.18 0.78 7.5 




8.85 0.93 7.6 
9.06 0.59 7.4 
8.85 7.4 
8. 97 7.4 
9.00 0.67 7.4 




9.55 0.52 7.4 




7.84 0.59 7.9 




8.36 0.77 7.4 
7.80 0.75 7.4 
7.65 7.5 
7.53 . 7. 5 
7.40 0.74 7.8 
7.15 0.79 7.6 
6.28 7.7 
6.64 7.8 
6.76 0.80 7.9 
$£$U£!.&£MOAL«DL4!JSIZ#GLWM4Sbt%X Pit &JSQ J. &..C .. ,W!; hil M.li a & :a ii 11 
































































RIVER James CRUISE. DATE 7 & 11 April 1966 ---
,.... 
I r-1 
r-.. ,.... ,.... ,.... I I 
rl r-1 rl rl r-1 rl 
�.) I I I I I ru rl rl rl r-1 .j..) .j..) r'l rl . ru ru I 
b) .µ .j..) �.) .j..) . . .j..) rl ,.... 2-- ru ru ru ru b) bl ru bl . . . . 2-- 2- . 3 i:: '-/ b) bl b) b) b) 
P-, C' C' 5- ;:1.,. 2--•rl .c: '-/ z z 
.µ " . . 
rtl p, E-t 
� 
P-, P-, P-, N (Y) z 
(1.) 0 � ::::, ::::, 0 0 Cl., 
A E-l U) P-, (f) p_,. z z 0 u I- ! 
J-4· 1 2 .231 0.15 0.08 0.32 1.68 0.60 2.8 17.1 21.6 
9 
I "· 2.43i 0.15 0.12 0.28 1. 88 0.47 2.0 8.5 13.3.
J-10 1 1. 53 0.23 0.08 0.24 0198 1.37 13. 7 6.2 12.3 
7 1.251 0.23 0.10 0.24 0.68 0.85 6.3 7.0 7.2 
J-17 1 1.411 0.55 0.08 0.20 0.58 2.04 21.6 0.4 5.4 
11 1.111 0.38 0.08 0.26 0.39 1.26 12.6 9.0 3.2 
J-22 1 
I 
1. 78i 0.53 0.08 0.34. 0.83 2.12 26.6 . 3. 8 
· 11 1. 70 0.50 0.10 0.30 0.80 2.15 22.1 1. 7 3.7 
J-29 1 2.75 0.70 0.12 0.18 1. 75 1.83 29.4 10.2 2.3
7 4.20 0.60 0.38 0.20 3.02 1.94 29.4 5.2 3.2 
J-36 1 4.60 0.75 0.18 0.27 3.40 1.20 35.2 16.2 3.0
9 4.40 ·O. 78 o·. 58 0.34 2.70 1.49 34.4 10.2 5.4
J-47 1 3.07 0.60 0.06 0.23 2.18 1.15 .40.2 21.4 4.4 
9 3.88 0.66 0.09 0.38 2.75 1.17 ,40.8 8.9 6.1 
J-57 1 4.10 0.34 0.06 0.58 3.12 3.14 40.8 15.8 36.4 
9 4.59 0.23 0.10 0.41 3.85 2.80 40.4 20.6 33.0 
J-68 1 4.20 0.40 0.06 0.43 3.31 1.10 16.2 25.7 
7 4.86 0.38 0.12 0.37 . 3. 99 1.05 17.4 28.6 
J-76 1 7.20 0.87 0.14 0.73 5.46 0.68 7.2 25.7 





RIVER James CRUISE DATE 9 :& 11 May 1966 
r-,... 
0 
d� r-1 r-,... 
'--' r-,... I r-,... r-1 r-,... 
r-,... r-1 r-1 r-1 I r-1 
� r-,... » I o' I r-1 I 
'--' u .µ r-1 OJ . r-1 tJl 
'--' ·rl tJl E tJl E tJl 
•,i ..c:: i::: E ..._, E ..._, 
�J §' ·rl ,.__, ,.__, °' r-1 2l � �J OJ QJ 111 0 :I: Cf) 
A E-1 Cf) A r:.i: Oi CJ) ...:i � 
J-4 1 16.4 17.26 8.52 1.40 22.0
1 
7.4 14.6 
3 16.2 17.62 8.34 
5 16.0 19.02 8.10 I 
7 16.0 19.57 7.85 
9 16.0 19.76 7.89 
11 15.6 19.86 7.85 . 1. 50 21.5 6.2 15.3 
·J-10 1 · 16.6 7.68 8.44 0.90 17 6'. 4.8 12.8 " 
3 17.0 11.49 7.73 • I
5 16.8 13.81 7.71 
7 16.5 17.08 7.63 · 1.41 17 .2i 5.5 11. 7
J-17 1 16.8 4.40 7.73 0.98 21.21 4.8 16.4
3 16.8 5.92 7.22 
5 17.0 11.96 7.18 
7 17.0 13.74 7.33 
9 17.3 13.94 7.18 
11 16.8 15.12 7.00 1.27 19.2 5.5 13. 7
J-22· 1 17.3 1.03 7.95 0.56 29.0 5.5 23.5
3 17.J. 1.43 8.02 
5 17.3 2.19 7.93 
7 17.5 2.34 7.95 
9 17.5 2.77 8.40 0.49 32.0 5.2 26.8 
.J-29 1 18.0 0.19 7.08 0.23 41.5 5.5 36.0 
3 17.9 0.20 7.18 
5 17.8 0.20 7.22 
.7 18.1 0.20 7.16 0.61 60.5 10.5 so.a 
J-36 1 19.8 0.14 7.25 0.91 34.0 5.5 28.5 
3 19.5 0.14 7.10 
5 19.5 0.15 7.25 
7 19.5 0.16 7.00 I 
9 19.6 0.17 6.94 0.79 40.5: 8.0 32.5 
J-47 1 18.2 0.09 5 .40 0.63 25.ol 4.0 21.0 
3 18,1 0.09 5.57 
5 18.2 0.09 5.44 
6. 18.3 0.09 5.20 0.64 37.5 6.0 31.5 
J-57 1 18.7 0.09 6.09 0.85 23.5 3.0 20.5 
3 18.7 0.09 �.19 
5 · . 18, 7 0.09 6.09 
7 18.6 0.09 6.48 0.89 32.4 4.8 27.6 
J-68 1 18.6 0.08 6.03 0.83 39.5 7.5 32.0 
3 18,5 0.08 6.03 
5 18.l 0.08 6.09 
7 17,9 0.08 6.07 0.74 48.5 7.0 41.5 
J-76 1 18.5 0.08 5.59 0.66 17.0 3.5 13.5 
3 18.6 0.08 5.63 
5 18.5 0.08 5.65 
7 18.1 0.08 5.67 0.61 23.2 5.6 17.6 
DATA SHEET 
RIVER \James CRUISE DATE i9 &,11 May 1966 ----· 
rl ,....... ,....... 
I rl rl 
rl ,....... ,....... ,....... ,....... I I ,....... 
r-l rl rl rl rl rl rl 
.µ I I I I I ,....... 
fU rl rl rl rl .µ .µ rl rl . fU fU I 
b) �-' �.) .µ .µ . . .µ r-1 ,....... C' fU fU fU ru b) b) fU b) � . . . . 2' � . 6 C: '-" b) b) b) b) '-" b) 0 0.. � °' 2' 2' 2' 'rl .c; '-" z z rtl .µ .µ . . . . . 
fU � 
� � 
0.. 0.. P--1 N co z rl .µ OJ � :::, :::::, 0 0 0.. .c; 
C/) � E-1 (/) 0.. (/) 0.. z z 0 CJ 
J-4 1 1.41 0.20 0.05 0.40 0.76 0.53 8.2 6.6 11.2 "' '
11 1.33 0.20 0.08 0.24 0.81 0.39 3.8 · 8.6 8.6 
J-10 1 1. 54 0.45 0.06 0.40 0.63 1.19 
,
3.8 8.9 5.7 
7 1.05 0.41· 0.05 0.34 0.25 0.54 8.6 7.-0 4.2 
J-17 0.07 0.20 1.08 2.10 I 6.6 6.7 l 1. 90 0.55 ll'J-8. 0 
11 1.44 0.71 0.06 0.25 0.42 0.63 
1
2.1 3.5 2.1 
J-22 1.02 5.09 1 2.07 0.60 0.09 0.36 �8.0 6.3 4.0 
9 2 .00- 0.45 0.09 0.25 1.21 2.92 �7 .o 2.2 3.2 
) J-29 1 2.60 0.50 0.08 0.35 1.62 6.80 _ 9.4 6.9 5.0 
7 3.40 0.45 0.22 0.27 2.46 6.50 
/
80.0 11.2 5.9 
J-36 0.12 0.40 0.10 4.12 1 1.12 0.50 50.0 10.8 12.5 
0.11 0.25 1.82 4.64 I 9 2.73 0.55 
1
61.2 12.2 8.9 
J-47 1 3.40 0.90 0.11 0.60 1. 79 1.37 2.3 10.1· Q.9. 2
6 3.60 0.81 0.12 0.39 2.28 1.28 
t
9.6 14.0 11. 7
J-57 1 3.38 0.60 0.10 0.60 2.08 1.14 5.7 17.2 
7 3.60 0.55 0.12 0.42 2.51 1.04 �::: 13.2 15.3 
J--68 l 3.81 0.57 0.14 0.33 2.77 0.40 18.4 10.2 
7 5.20 0.73 0.22 0.39 3.86 0.40 9.4 17,2 8.4 
J-76 1 3.60 1.12 0.12 0.58 1. 78 0.42 �1.2 13.4 4.0 
7 3.81 1.10 0.15 a.so 2.06 0.41 I O ,4 8.4 3.1 
APPENDIX B 
SOLUBLE REACTIVE PHOSPHORUS (SRP), PARTICULATE REACTIVE 
PHOSPHORUS (PRP), SOLUBLE UNREACTIVE PHOSPHORUS (SUP), 
AND PARTICULATE UNREACTIVE PHOSPHORUS (PUP) LEVELS AT 
TEN STATIONS ON THE TIDAL JAMES RIVER (1 m depth) 









B-10 -March 1966 
B-11 -April 1966 
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APPENDIX C 
NITRITE AND NITRATE NITROGEN LEVELS AT TEN STA IONS 
ON THE 'l'IDAL JAMES RIVER 
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CHLOROPHYLL LEVELS AT TEN STATIONS ON THE TIDAL 
JAMES RIVER (1 m depth) 
D-1· -May, June, July 1965 
D-2 -August, September, October 1965 
D-3 -November, December 1965, .January 1966 
D-4 -March, . April, Hay 1966 
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PiVERl\GE AND 1965-6 MONTHLY MEAN FRESHWATER DISCHARGES OF 
'l'HE JAMES RIVER 1\'r RICHMOND, VIRGINIA 
Month Discharge. (c.f.s.) l 1943-64 Mean Deviation 
. 
from Mean ------
I-65 8,985 9,081 -96
II-65 14,189 11,294 +2,895
III-65 14,204 14,168 +36
IV-65 9,032 12,029 -.2, 997 
V-65 5,348 8,136 -2,788
VI-65 2,432 5,036 -2, 604 •.
VlI-65 1,704 3,387 -1,683
. VIII-65 1, 191· 3,436 -2,245
IX-65 1,090 3,472 -2,?82
X-65 1,686 3,425 -1,739
XI-65 1,266 4,548 · -3,282
XII-65 1,193 7,375 -6,182
I-66 1,598 9,081 -7,483
II-66 11,345 11,294 +51
III-·66 8,563 14,168 -5,605
IV-66 ·3,591 12,029 -8,438
V-66 7,682 8,136 -454
VI-66 2,261 5,036 -2,775
VII-66 1,380 3,387 -2,007
VIII-66 812 3,436 -2,624
IX-66 .3,026 3,472 :-446
From unpublished data sheets·provided by Virginia DepartLnt of
Conservation and Economic Development. 
